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(54) Variable displacement compressor 

(57) A variable displacement compressor includes 
a supply passage for supplying refrigerant gas from a 
dischargechamberto a crank chamber and a bleed pas- 
sage for bleeding the refrigerant gas from the crank 
chamber to a suction chamber. An oil separator is con- 
nected to a drive shaft and is located in the bleed pas- 
sage. The oil separator rotates together with the drive 



shaft to centrifugal ly separate lubricant oil from the re- 
frigerant gas that flows in the bleed passage. An oil 
chamber is formed in a compressor housing for receiv- 
ing the separated oil. The pressure in the oil chamber is 
equal to or greater than the pressure in the crank cham- 
ber. The lubricant oil rapidly returns to the crank cham- 
ber through a return passage. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to variable dis- s 
placement compressors that are used in, for example, 
vehicle air conditioners and adjust the pressure in a 
crank chamber to vary displacement. 
[0002] This type of compressor adds lubricant oil mist 
to refrigerant gas to lubricate the Interior of the compres- io 
son The lubricant oil may be isolated from the refrigerant 
gas that is discharged from the compressor to an exter- 
nal refrigerant circuit, as disclosed in Japanese Unex- 
amined Patent Publication No. 10-281060. The oil is 
then recirculated to the interior of the compressor, thus 
further lubricating the interior of the compressor. 
[0003] This structure includes an oil separator that is 
located between a discharge chamber and the external 
refrigeranl circuit. An oil return passage connects a 
crank chamber to the oil separator. After the oil separa- so 
tor separates lubricant oil from refrigerant gas, the lubri- 
cant oil returns to the crank chamber through the oil re- 
turn passage. The oil return passage functions also as 
a supply passage through which the pressure in the dis- 
charge chamber is introduced to the crank chamber, 25 
thus controlling the compressor displacement. The sup- 
ply passage includes a control valve that changes its 
opening size to adjust the pressure in the crank cham- 
ber. A bleed passage connects the crank chamber to a 
suction chamber. The pressure in the crank chamber is 30 
introduced to the suction chamber through the bleed 
passage to control the displacement. 
[0004] However, after having been discharged from 
the crank chamber, lubricant oil must flow in the bleed 
passage, the suction chamber, compression chambers, 35 
and the discharge chamber before reaching the oil sep- 
arator. This prolongs the time required for recirculation 
of the lubricant oil to the crank chamber. Accordingly, a 
relatively small amount of lubricant oil is retained In the 
crank chamber. 40 
[0005] Further, since the entire supply passage func- 
tions as the oil return passage, lubricant oil passes 
through the control valve when flowing from the oil sep- 
arator to the crank chamber. Thus, the opening size of 
the control valve may affect the amount of the oil that ^5 
flows from the oil separator to the crank chamber. That 
is, for example, if the control valve fully closes the supply 
passage, the oil flow from the oil separator to the crank 
chamber stops. 

50 

BRIEF SUMMURY OF THE INVENTION 

[0006] Accordingly, it is an objective of the present in- 
vention to provide a variable displacement compressor 
that rapidly recovers lubricant oil from a control chamber 55 
to return the oil to the control chamber. 
[0007] To achieve the foregoing and other objectives 
and in accordance with the purpose of the present in- 
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vention, the present invention is a variable displacement 
compressor for compressing refrigerant gas that con- 
tains lubricant. The compressor compresses the refrig- 
erant gas supplied from a suction chamber to a com- 
pression chamber and sends the compressed refriger- 
ant gas to a discharge chamber when a drive shaft ro- 
tates. The displacement of the compressor varies in ac- 
cordance with the pressure in a control chamber located 
in a compressor housing. The compressor has a supply 
passage for supplying the refrigerant gas from the dis- 
charge chamber to the control chamber and a bleed 
passage for bleeding the refrigerant gas from the control 
chamber to the suction chamber. The compressor in- 
cludes a separator, a lubricant chamber, and a return 
passage. The separator is located in the bleed passage 
and rotates together with the drive shaft, thus centrifu- 
galiy separating the lubricant from the refrigerant gas 
that flows in the bleed passage. The lubricant chamber 
is formed in the housing and receives the separated lu- 
bricant. The pressure in the lubricant chamber is equal 
to or greater than the pressure in the control chamber. 
The return passage is formed in the housing and returns 
the lubricant from the lubricant chamber to the control 
chamber. 

[0008] Other aspects and advantages of the invention 
will become apparent from the following description, tak- 
en in conjunction with the accompanying drawings, il- 
lustrating by way of example the principles of the inven- 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The invention, together with objects and ad- 
vantages thereof, may best be understood by reference 
to the following description of the presently preferred 
embodiments together with the accompanying drawings 
in which: 

Fig. 1 Is a cross-sectional view showing a variable 
displacement compressor according to the present 
invention; 

Fig. 2 is an enlarged view showing a main portion 
of the compressor of Fig. 1 ; 
Fig. 3 is a perspective view showing an oil separator 
of the compressor of Fig. 1 ; 
Fig. 4 is an enlarged cross-sectional view showing 
a main portion of a compressor of a modification; 
Fig. 5 is a perspective view showing an oil separator 
of the compressor of Fig. 4; 
Fig, 6 is an enlarged cross-sectional view showing 
a main portion of a compressor of another modifi- 
cation; 

Fig. 7 is an enlarged cross-sectional view showing 
a main portion of a compressor of another modifi- 
cation; 

Fig. 8(a) and Fig. 8(b) are perspective views each 
showing an oil separator of another modification; 
Fig. 9(a) is an enlarged cross-sectional view show- 
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ing an end of a drive shaft of another modification; 
Fig. 9(b) is a cross-sectional view showing the end 
of the drive shaft of Fig. 9, taken In a direction per- 
pendicular to the axis of the drive shaft; 
Fig. 10 is a perspective view showing an oil sepa- 
rator of another modification; and 
Fig. 1 1 (a) and Fig. 1 1 (b) are views each showing a 
second oil separator of another modification. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0010] An embodiment of a piston type variable dis- 
placement compressor for vehicle air conditioners ac- 
cording to the present invention (hereafter referred to 
simply as a "compressor") will now be described with 
reference to Figs. 1 to 3. 

[001 1 ] As shown In Fig . 1 , a front housing member 1 1 
is coupled with a front end of a cylinder block 12. A rear 
housing member 1 3 is connected to a rear end of the 
cylinder block 12 through a valve plate assembly 14. 
The front housing member 1 1 , the cylinder block 1 2, and 
the rear housing member 13 are securely fastened to- 
gether with a bolt (not shown), thus foimlng a compres- 
sor housing. In the drawing, the left corresponds to the 
front of the compressor, and the right corresponds to the 
rear of the compressor. 

[0012] The valve plate assembly 14 includes a main 
plate 14a, a suction valve plate 14b, a discharge valve 
plate 14c, and a retainer plate 14d. The suction valve 
plate 1 4b Is formed of hardened carbon band steel. The 
suction valve plate 14b is attached to the front side of 
the main plate 14a, and the discharge valve plate 14c 
is attached to the rear side of the main plate 14a. The 
retainer plate 1 4d is attached to the rear side of the dis- 
charge valve plate 14c. The valve plate assembly 14 Is 
connected to the cylinder block 12 at the front side of 
the suction valve plate 14b. 

[0013] The front housing member 11 and the cylinder 
block 1 2 form a crank chamber 1 5, or a control chamber. 
A drive shaft 16 extends through the crank chamber 1 5 
such that the front end of the drive shaft 1 6 projects from 
the front housing member 1 1 . The front housing member 
11 and the cylinder block 12 rotationally support the 
drive shaft 1 6. The front housing member 1 1 supports a 
front portion of the drive shaft 1 6 through a radial bearing 
17. An accommodating recess 18 is formed in the sub- 
stantial middle of the cylinder block 1 2. A radial bearing 

19 is located in the accommodating recess 18. The ac- 
commodating recess 18 supports a rear portion of the 
drive shaft 1 6 through the radial bearing 1 9. A shaft seal 

20 Is located around the front portion of the drive shaft 
16. 

[0014] A power transmitting mechanism 29 operation- 
ally connects the front end of the drive shaft 1 6 to a ve- 
hicle engine 30, or an external drive source of the com- 
pressor. The power transmitting mechanism 29 may be 
a clutch type that selectively permits and blocks power 



transmission in accordance with an external control pro- 
cedure (for example, an electromagnetic clutch). Alter- 
natively, the power transmitting mechanism 29 may be 
a ctutchless type that constantly transmits power (for ex- 
5 ample, a pulley combined with a belt). In this embodi- 
ment, the power transmitting mechanism 29 is the 
clutchless type. 

[0015] A plurality of cylinder bores 12a (only one Is 
shown) are fomned in the cylinder block 12 and are lo- 

10 cated around the drive shaft 16 at equal angular inter- 
vals. Each cylinder bore 1 2a movably accommodates a 
single-headed piston 21 . Each piston 21 closes the front 
opening of the associated cylinder bore 12a, and the 
valve plate assembly 1 4 closes the rear end of each cyl- 

15 inder bore 12a, Each piston 21 forms a compression 
chamber 22 in the associated cylinder bore 12a and 
moves in the cylinder bore 1 2a to change the volume of 
the compression chamber 22. 

[0016] A lug plate 23, or a rotational support, is se- 

20 curely fitted around the drive shaft 1 6 in the crank cham- 
ber 1 5 to rotate integrally with the drive shaft 1 6. The 
lug plate 23 abuts against an Inner wall 11 a of the front 
housing member 11 through a thrust bearing 24. The 
inner wall 11a receives the load that acts on the drive 

25 shaft 1 6 due to the reactive force to the operation of each 
piston 21 . The inner wall 1 1 a thus functions as a forward 
movement restrictor that restricts forward axial move- 
ment of the drive shaft 16, or sliding of the drive shaft 
16 away from the valve plate assembly 14. 

30 [0017] A suction chamber 31 is formed In the middle 
of the rear housing member 13. A discharge chamber 
32 is fonned around the suction chamber 31 In the rear 
housing member 13. The valve plate assembly 14 In- 
cludes a suction port 33 corresponding to each com- 

35 pression chamber 22, a suction valve flap 34 that selec- 
tively opens and closes the suction port 33, a discharge 
port 35 corresponding to each compression chamber 
22, and a discharge valve flap 36 that selectively opens 
and closes the discharge port 35. Each suction port 33 

40 connects the suction chamber 31 to the associated com- 
pression chamber 22. Each discharge port 35 connects 
the associated compression chamber 22 to the dis- 
charge chamber 32. An external refrigerant circuit (not 
shown) is located in the exterior of the compressor to 

45 connect the suction chamber 31 to the discharge cham- 
ber 32. 

[001 8] A swash plate 25, or a drive plate, Is located In 
the crank chamber 15 such that the drive shaft 16 ex- 
tends through a hole formed in the swash plate 25. A 

50 hinge mechanism 26 connects the lug plate 23 to the 
swash plate 25. As described, the drive shaft 16 sup- 
ports the lug plate 23. The swash plate 25 thus rotates 
integrally with the lug plate 23 and the drive shaft 1 6 and 
inclines with respect to the drive shaft 16 while sliding 

55 axially along the drive shaft 16. The lug plate 23, the 
swash plate 25, and the hinge mechanism 26 lorm a 
displacement varying mechanism. 
[0019] Each piston 21 is connected to the outer pe- 
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riphery of the swash plate 25 through shoes 27. Thus, 
when the drive shaft 1 6 rotates and the swash plate 25 
rotates integrally with the lug plate 23 through the hinge 
mechanisnn 26, the shoes 27 convert the rotation of the 
swash plate 25 to movennent of each piston 21 . The lug 
plate 23, the swash plate 25, the hinge nnechanism 26, . 
and the shoes 27 form a crank mechanism. The crank 
mechanism enables the rotation of the drive shaft 16 to 
compress refrigerant gas in each compression chamber 
22. 

[0020] When each piston 21 moves, refrigerant gas 
flows from the suction chamber 31 to each compression 
chamber 22 and is compressed In the compression 
chamber 22 before being discharged to the discharge 
chamber 32. This operation Is repeated as long as the 
piston 21 moves. The refrigerant gas flows from the dis- 
charge chamber 32 to the external refrigerant circuit 
through a discharge line. 

[0021] A bleed passage 45 extends through the front 
housing member 1 1 , the cylinder block 12, and the rear 
housing member 13 to connect the crank chamber 15 
to the suction chamber 31 . A supply passage 37 extends 
through the cylinder block 1 2 and the rear housing mem- 
ber 1 3 to connect the crank chamber 1 5 to the discharge 
chamber 32. A control valve 38, or an electromagnetic 
valve, is formed in the supply passage 37. The control 
valve 38 operates a valve body 38b In accordance with 
extemal power supplied to a solenoid 38a, thus adjust- 
ing the opening size of the supply passage 37. That is, 
the control valve 38 functions as a restrictor, or, more 
specifically, a variable restrictor 

[0022] More specifically, a control device (not shown) 
adjusts the opening size of the control valve 38 to control 
the difference between the amount of the high-pressure 
refrigerant gas in the supply passage 37 and the amount 
of the refrigerant gas in the bleed passage 45. This de- 
termines the pressure In the crank chamber 1 5 and thus 
changes the difference between the pressure In the 
crank chamber 15 and the pressure in each compres-. 
sion chamber 22, which act on opposite sides of the as- 
sociated piston 21 . Accordingly, the angle at which the 
swash plate 25 Inclines with respect to the drive shaft 
1 6 changes to vary the stroke of each piston 21 , or com- 
pressor displacement. 

[0023] If the opening size of the supply passage 37 
decreases, for example, the pressure in the crank cham- 
ber 15 Is lowered. This reduces the difference between 
the pressure In the crank chamber 15 and the pressure 
in each compression chamber 22. The swash plate 25 
thus inclines to increase its inclination angle. The stroke 
of each piston 21 thus Increases to raise the compressor 
displacement. In contrast, if the opening size of the sup- 
ply passage 37 Increases, the pressure In the crank 
chamber 1 5 is raised. This increases the difference be- 
tween the pressure in the crank chamber 15 and the 
pressure In each compression chamber 22. The swash 
plate 25 thus inclines to decrease its inclination angle. 
The stroke of each piston 21 thus decreases to lower 



the compressor displacement. 

[0024] An annular, minimum inclination restrictor 28 
is fitted around the drive shaft 1 6 and is located between 
the swash plate 25 and the cylinder block 12, As indi- 

5 cated by the double-dotted broken line In Fig. 1 , the 
swash plate 25 inclines at a minimum angle as abutted 
by the minimum inclination restrictor 28. Further, as in- 
dicated by the solid line in the drawing, the swash plate 
25 Inclines at a maximum angle as abutted directly by 

10 the lug plate 23. 

[0025] As shown in Figs. 1 to 3, a substantial rear half 
of the accommodating recess 1 8 functions as a lubricant 
oil chamber 40 that accommodates an oil separator 39. 
The radial bearing 19 and the drive shaft 16 close the 

'5 front end of the oil chamber 40. The valve plate assem- 
bly 1 4 closes the rear end of the oil chamber 40. A pas- 
sage 41 Is formed in the valve plate assembly 41 to con- 
nect the oil chamber 40 to the suction chamber 31. The 
passage 41 is located substantially along the axis of the 

20 drive shaft 1 6. The communication area of the passage 

41 is selected to form an optimal restrictor. 

[0026] The section of the supply passage 37 between 
the control valve 38 and the crank chamber 1 5 is located 
below the oil chamber 40, as viewed in Fig. 1 . A com- 

25 munication passage 40a connects this section of the 
supply passage 37 to a rear, lowermost portion of the 
oil chamber 40 (corresponding to the rear end of the cyl- 
inder block 1 2). The communication area of the supply 
passage 37 is sufficiently reduced, as compared to that 

30 of the accommodating recess 18. The communication 
passage 40a and the section of the supply passage 37 
downstream of (toward the crank chamber 1 5 from) the 
communication passage 40a form an oil return passage. 
[0027] A communication hole 42 extends through the 

35 drive shaft 16 to connect the crank chamber 15 to the 
oil chamber 40. An inlet 42a of the communication hole 

42 opens to the crank chamber 15 at a position of the 
drive shaft 16 rearward from the radial bearing 17. An 
outlet 42b of the communication hole 42 opens to the 

40 oil chamber 40 at the rear end of the drive shaft 1 6. 
[0028] The drive shaft 1 6 has a small diameter portion 
at its rear end. The oil separator 39 is securely press- 
fitted in the small diameter portion. The proximal end of 
the oil separator 39 is secured to the drive shaft 1 6. The 

45 oil separator 39 is substantially cylindrical and has an 
inner side slanted to increase the inner diameter of the 
oil separator 39 from the proximal end of the oil separa- 
tor 39 toward the distal (rear) end of the same. The inner 
diameter of the oil separator 39 is thus largest at the 

50 distal end of the oil separator 39. 

[0029] As shown in Fig. 3, a flange 39a is formed at 
the proximal end of the oil separator 39. The flange 39a 
has a plurality of (in this embodiment, four) grooves 39b, 
each of which functions as a communication port. Each 

55 groove 39b connects the interior of the oil separator 39 
to the exterior when the distal end of the oil separator 
39 abuts against the valve plate assembly 14. The 
grooves 39b open toward the valve plate assembly 14. 
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[0030] The oil separator 39 is formed of, for example, 
a plate of SPC (cold rolled steel) or SUC 304 (stainless 
steel) through pressing. The plate thickness is one mil- 
limeter or smaller. 

[0031] When the oil separator 39 is assembled with 
the drive shaft 16, the fiange 39a is located near to the 
communication passage 40a. The communication hole 
42, the interior of the oil separator 39, the accommodat- 
ing recess 18 (the oil chamber 40), and the passage 41 
form the bleed passage 45. 

[0032] When the flange 39a of the oil separator 39 
abuts against the suction valve plate 14b, the drive shaft 
1 6 is stopped from sliding further toward the valve plate 
assembly 14. That is, the front side of the suction valve 
plate 14b functions as a rearward movement restrictor 
that restricts rearward axial movement of the drive shaft 
1 6, or sliding of the drive shaft 1 6 toward the valve plate 
assembly 14. 

[0033] If the drive shaft 16 slides toward the valve 
plate assembly 1 4 and the flange 39a of the oil separator 
39 abuts against the valve plate assembly 14, the valve 
plate assembly 1 4 closes the distal end of the oil sepa- 
rator 39. However, in this state, the grooves 39b connect 
the interior of the oi I separator 39 to the exterior. In other 
words, each groove 39b functions as an oil discharge 
port through which oil is discharged from the oil separa- 
tor 39 to the exterior. 

[0034] When the lug plate 23 abuts against the inner 
side 11a through the thrust bearing 24 to stop the drive 
shaft 16 from sliding further forward, space is formed 
between the valve plate assembly 14 and the oil sepa- 
rator 39. The space is srinaller than a minimum space 
between each piston 21 and the valve plate assembly 
14 when the piston 21 is located at its top dead center. 
[0035] When flowing from the crank chamber 1 5 to the 
suction chamber 31 through the bleed passage 45, re- 
frigerant gas passes through the oil separator 39. The 
oil separator 39 has a cylindrical shape and includes an 
internal passage that forms part of the bleed passage 
45, In the interna! passage of the oil separator 39, the 
refrigerant gas in the vicinity of the inner side of the oil 
separator 39 rotates together with the oil separator 39. 
This generates centrifugal force to separate lubricant oil 
mist from the refrigerant gas. 

[0036] The separated lubricant oil adheres to the in- 
ner side of the oil separator 39. However, the centrifugal 
force generated by the rotation of the oil separator 39 
and the flow of the refrigerant gas in the oil separator 39 
act to urge the adhered lubricant oil along the inner side 
of the oil separator 39 toward the distal end of the oil 
separator 39. The lubricant oil is thus discharged from 
the oil separator 39 through the space between the dis- 
tal end of the oil separator 39 and the valve plate as- 
sembly 14 and through the grooves 39b. The lubricant 
oil is then collected in the oil chamber 40 (the space 
around the oil separator 39). The pressure in the vicinity 
of the inner side of the oil separator 39 (particularly, near 
the distal end of the oil separator 39) increases due to 
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the rotation of the refrigerant gas. 
[0037] As described, when passing through the oil 
separator 39, some refrigerant gas rotates together with 
the oil separator 39. The rotation of the refrigerant gas, 

5 particularly in the vicinity of the flange 39a, increases 
the pressure in the space around the oil separator 39 in 
the oil chamber 40, or, particulariy, the pressure Pc1 In 
the vicinity of the communication passage 40a (see Fig. 
2). These pressures are thus slightly higher than the 

10 pressure in the crank chamber 15. In other words, the 
oil separator 39 functions as a rotary member. 
[0038] The control valve 38 restricts the refrigerant 
gas flow in the section of the supply passage 37 near 
the communication passage 40a. Further, the flow 

15 speed of the refrigerant gas in the supply passage 37 Is 
faster than that of the refrigerant gas in the crank cham- 
ber 15. Thus, the pressure Pc2 (see Fig. 2) in the section 
of the supply passage 37 near the communication pas- 
sage 40a is lower than the pressure in the crank cham- 

20 ber15. 

[0039] The difference between the pressure Pel and 
the pressure Pc2 prevents lubricant oil from flowingfrom 
the supply passage 37 to the oil chamber 40 through the 
communication passage 40a. Further, this pressure dif- 
25 ference efficiently sends the lubricant oil from the oil 
chamber 40 to the supply passage 37 through the com- 
munication passage 40a. Once the lubricant oil reaches 
the supply passage 37, the oil returns to the crank cham- 
ber 1 5 together with the refrigerant gas. Thus, a suffi- 
ce cient amount of lubricant oil is retained in the crank 
chamber 15, thus optimally lubricating the components 
in the crank chamber 15. Further, a decreased amount 
of lubricant oil is discharged from the compressor to the 
external refrigerant circuit. This prevents operation of a 
35 heat exchanger from being otherwise hampered by ad- 
hesion of the lubricant oil to the inner side of the heat 
exchanger. The air conditioner thus has an improved 
cooling efficiency. 

[0040] After the oil separator 39 separates lubricant 

40 oil from refrigerant gas, some refrigerant gas flows from 
the oil separator 39 to the suction chamber 31 through 
the passage 41 , The refrigerant gas is then discharged 
from the suction chamber 31 to the external refrigerant 
circuit through the compression chambers 22 and the 

45 discharge chamber 32. 

[0041 ] The Inner side 1 1 a of the front housing member 
11 receives the load that acts on each piston 21 due to 
the compression of the refrigerant gas through the 
shoes 27, the swash plate 25, the hinge mechanism 26, 

50 the lug plate 23, and the thrust bearing 24. In other 
words, through the lug plate 23 and the thrust bearing 
24, the inner side 11a of the front housing member 11 
supports a connected body that includes the drive shaft 
16, the swash plate 25, the lug plate 23, and the pistons 

55 21. This restricts forward movement of the connected 
body in an axial direction of the drive shaft 16. 
[0042] If depression of an accelerator pedal (not 
shown) of the vehicle exceeds a predetermined level. 



EP 1 207 301 A2 



5 



3DOCID: <EP 1 207301 A2_L> 



9 



EP 1 207 301 A2 



10 



for example, such that the control device of the control 
valve 38 determines that the vehicle is being accelerat- 
ed, the control device may minimize the compressor dis- 
placement. If this procedure, or the displacement mini- 
mizing procedure, Is started when the displacement is s 
at a maximum level, the control valve 38 must quickly 
switch the supply passage 37 from a fully closed state 
to a fully open state. Thus, high-pressure refrigerant gas 
rapidly flows from the discharge chamber 32 to the crank 
chamber 1 5. In this state, the bleed passage 45 cannot io 
bleed a sufficient amount of refrigerant gas from the 
crank chamber 1 5 to the suction chamber 31 . The pres- 
sure In the crank chamber 15 thus increases rapidly. 
[0043] Inthiscase, the pressure in the crank chamber 

1 5 may be excessively high, and the swash plate 25 may ^5 
incline excessively fast to decrease its inclination angle. 
Thus, when the swash plate 25 reaches its minimum in- 
clination angle (as indicated by the double-dotted bro- 
ken line in Fig. 1 ), the swash plate 25 is pressed against 

the minimum inclination restrictor28 by excessive force. 20 
Further, the lug plate 23 is urged rearward through the 
hinge mechanism 26 by excessive force. The drive shaft 

16 thus moves toward the valve piate assembly 14. 
However, the abutment between the flange 39a of the 

oil separator 39 and the valve plate assembly 14 stops ^5 
the drive shaft 16 from moving further rearward. 
[0044] As described, the space between the valve 
plate assembly 14 and the oil separator 39 when the 
forward movement of the drive shaft 16 is restricted is 
smaller than the space between each piston 21 and the 30 
valve plate assembly 14 when the piston 21 is located 
at its top dead center. Thus, when the rearward move- 
ment of the drive shaft 16 is restricted, the pistons 21 
operate without hitting the valve plate assembly 1 4. The 
pistons 21 and the valve plate assembly 1 4 thus remain 35 
undamaged. 

[0045] The illustrated embodiment has the following 
advantages. 

(1 ) The oil separator 39 is located in the bleed pas- 40 
sage 45 to separate lubricant oil from the refrigerant 
gais that flows from the crank chamber 1 5 to the suc- 
tion chamber 31 . Thus, as compared to the prior art, 
lubricant oil recirculates to the crank chamber 15 in 

a relatively short time. This maintains a sufficient 45 
amount of lubricant oil in the crank chamber 15. Fur- 
ther, the oil separator 39 is located relatively close 
to the crank chamber 15, as compared to the prior 
art. This shortens the path of the lubricant oil that 
flows from the oil separator 39 to the crank chamber 50 
15. 

(2) As described, the supply passage 37 includes 
the control valve 38, or the restrictor. The pressure 

in the section of the supply passage 37 between the 55 
crank chamber 15 and the control valve 38 is thus 
maintained at a level equal to or lower than the pres- 
sure In the crank chamber 1 5. Further, the commu- 



nication passage 40a connects the oil chamber 40 
to the section of the supply passage 37 between the 
crank chamber 15 and the control valve 38. The 
pressure in the oil chamber 40 is maintained at a 
level equal to or higher than the pressure in the 
crank chamber 15. Lubricant oil thus efficiently 
flows from the oil chamber 40 to the supply passage 
37 through the communication passage 40a. In ad- 
dition, since a portion of the supply passage 37 
functions as an oil return passage, the structure of 
the compressor becomes relatively simple, as com- 
pared to a compressor that has a separate oil return 
passage. 

Further, since the control valve 38 functions as 
the restrictor of the supply passage 37, a separate 
restrictor need not be fonned in the supply passage 
37. This simplifies the structure of the compressor. 
Further, as described, a section of the supply pas- 
sage 37 downstream of the control valve 38 forms 
part of the oil return passage. Thus, the opening 
size of the control valve 38 does not greatly affect 
the amount of the lubricant oil that returns from the 
oil chamber 40 to the crank chamber 15. In other 
words, if, for example , the control valve 38 fully clos- 
es the supply passage 37, the oil return passage 
from the oil chamber 40 to the crank chamber 1 5 is 
maintained in an open state. Lubricant oil thus re- 
turns from the oil chamber 40 to the crank chamber 
15. 

(3) The oil chamber 40 receives the rotary member, 
or the oil separator 39. When the oil separator .39 
rotates together with the drive shaft 1 6, the pressure 
in the oil chamber 40 increases. This prevents lu- 
bricant oil from returning from the communication 
passage 40a to the oil chamber 40. The lubricant 
oil thus easily flows from the oil chamber 40 to the 
crank chamber 15 through the oil return passage. 
Further, since the oil separator 39 functions as the 
rotary member, the structure of the compressor be- 
comes relatively simple, as compared to the case 
in which a rotary member is formed separately from 
the oil separator 39. In addition, since the oil cham- 
ber 40 accommodates the oil separator 39, the 
compressor has a relatively simple structure, unlike 
a compressor In which an independent chamber ac- 
commodates the oil separator 39 and a separate 
passage connects this chamber to the oil chamber 
40. 

(4) As described, the oil separator 39 separates lu- 
bricant oil from refrigerant gas by centrifugal force. 
Since the interior of the oil separator 39 forms part 
of the bleed passage 45, the refrigerant gas 
smoothly rotates together with the oil separator 39. 
The lubricant oil is thus separated from the refriger- 
ant gas with a high efficiency. 
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(5) A portion (the communication hole 42) of the 
bleed passage 45 is formed in the drive shaft 16. 
Refrigerant gas thus flows from the crank chamber 
15 to the oil separator 39 through the communica- 
tion hole 42 of the drive shaft 16. Accordingly, it is 5 
thus easy to form a structure for introducing refrig- 
erant gas from the crank chamber 15 to the oil sep- 
arator 39. 

(6) rThe inner side of the oil separator 39 is slanted io 
to Increase its diameter from the proximal, up- 
stream end to the distal, downstream end of the oil 
separator 39. The lubricant oil adhered to the inner 
side of the oil separator 39 thus smoothly moves 
toward the distal end of the oil separator 39, due to i^ 
the centrifugal force caused by the rotation of the 

oil separator 39. Accordingly, the lubricant oil Is 
smoothly discharged from the oil separator 39 
through the distal opening and the grooves 39b of 
the oil separator 39. 

(7) The structure for restricting the rearward move- 
ment of the drive shaft 1 6 does not necessarily have 
to be the one described in the illustrated embodi- 
ment. As a comparative example, an urging spring 25 
may restrict the rearward movement of the drive 
shaft 16. More specifically, the urging spring urges 
the drive shaft 16 fonward with respect to the front 
housing member 11, the cylinder block 12, and the 
rear housing member 13, thus restricting the rear- 30 
ward movement of the drive shaft 16. However, In 
the comparative example, the durability of the thrust 
bearing 24 that receives the force of the urging 
spring may be hampered, and an increased power 
loss of the compressor may be caused by the thrust ^5 
bearing 24. Further, the structure associated with 
the urging spring becomes complicated. In contrast, 

in the illustrated embodiment, the abutment be- 
tween the oil separator 39 and the valve plate as- 
sembly 14 restricts the rearward movement of the 40 
drive shaft 16. This structure solves the problems 
otherwise caused by the urging spring. 

(8) The grooves 39b are formed at the distal end of 
the oil separator 39. When the oil separator 39 ^5 
abuts against the valve plate assembly 14, the 
grooves 39b connect the interior of the oil separator 

39 to the exterior. Thus, even If the valve plate as- 
sembly 14 closes the distal end of the oil separator 
39, lubricant oil is discharged from the oil separator so 
39 to the exterior through the grooves 39b. 

(9) The space that accommodates the rear portion 
of the drive shaft 1 6 (the accoilmodating recess 1 8) 
also accommodates the oil separator 39, This min- 55 
Imizes the compressor regardless of the oil separa- 
tor 39. 



(10) The oil separator 39 is formed through press- 
ing. This reduces the cost, as compared to the case 
in which the oil separator 39 is formed through cut- 
ting. 

(11) The oil separator 39 is accommodated in the 
oil chamber 40 such that the flange 39a of the oil 
separator 39 is located dose to the communication 
passage 40a. Thus, when the oil separator 39 ro- 
tates, the pressure Pc1 in the vicinity of the commu- 
nication passage 40a in the oil chamber 40 readily 
Increases. This efficiently introduces lubricant oil 
from the oil chamber 40 to the supply passage 37 
through the communication passage 40a and pre- 
vents the lubricant oil from returning from the supply 
passage 37 to the oil chamber 40. 

(12) A section of the supply passage 37 Is located 
below the oil chamber 40, as viewed in Fig. 1 . This 
section is connected to the lowermost portion of the 
oil chamber 40 through the communication passage 
40a. Thus, as compared to the case in which the 
opening of the communication passage 40a to the 
oil chamber 40 is located higher than the lowermost 
portion of the oil chamber 40, lubricant oil easily 
flows from the oil chamber 40 to the supply passage 
37 due to gravity. 

(13) The crank chamber 15 accommodates the 
crank mechanism that enables the rotation of the 
driye shaft 16 to compress refrigerant gas In the 
compression chambers 22. Also, the crank cham- 
ber 1 5 functions as the control chamber the pres- 
sure of which is adjusted to control the displace- 
ment varying mechanism. The crank mechanism is 
thus sufficiently lubricated. 

(14) The control valve 38 is located in the supply 
passage 37 to control the pressure in the crank 
chamber 15, or the compressor displacement. This 
type of controlling Is referred to as "supply control- 
ling" and is based on the opening size of the supply, 
passage 37 in which the pressure of the refrigerant 
gas is relatively high. Thus, the supply controlling 
has a relatively quick response in varying the pres- 
sure in the crank chamber 15, or the compressor 
displacement, as compared to "bleed controlling" 
based on the opening size of the bleed passage 45. 

(15) The oil separator 39 abuts against the valve 
plate assembly 14 through the flange 39a. This in- 
creases the contact area of the oil separator 39 with 
respect to the valve plate assembly 14. Abrasive 
wear of the valve plate assembly 14 and the oil sep- 
arator 39 are thus suppressed. 

(1 6) The valve plate assembly 1 4 (the suction valve 
plate 14b) functions as the rearward movement re- 
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stricter for the drive shaft 16. This simplifies the 
structure for restricting the movement of the drive 
shaft 16. 

(1 7) The abutment between the oil separator 39 and s 
the suction valve plate 14b restricts the rearward 
movement of the drive shaft 16. The material of the 
suction valve plate 14b has an Increased anti-abra- 
sion perfomiance, as compared to that of the main 
plate 1 4a. That is, as compared to the case in which io 
the oil separator 39 abuts against the main plate 
14a as a rearward movement restrictor, the. rear- 
ward movement restrictor of the illustrated embod- 
iment has an improved anti-abrasion performance. 

15 

(18) The power transmitting mechanism 29 is a 
clutchless type and constantly drives the compres- 
sor as long as the engine Is operating. Thus, as 
compared to the compressor driven by a clutch lype 
power transmitting mechanism, the components of 
the crank chamber 1 5 of the illustrated embodiment 
need be lubricated sufficiently. The present inven- 
tion is thus particularly effective for the compressor 
with the clutchless type power transmitting mecha- 
nism 29. ^5 

[0046] The present invention may be modified as fol- 
lows without departing from the scope and spirit of the 
invention. 

[0047] The diameter of the inner side of the oil sepa- 30 
rator39, to which lubricant oil adheres, does not neces- 
sarily have to be increased from the proximal end toward 
the distal end of the oil separator 39. For example, as 
shown in Figs. 4 and 5, an oil separator 50 may have 
an inner side the diameter of which is uniform from the 35 
proximal end to the distal end of the oil separator 50. 
[0048] As shown in Figs. 4 and 5. the oil separator 50 
has a flange 50a at Its distal end and a plurality of 
grooves 50b formed in the flange 50a, like the oil sepa- 
rator 39 of the illustrated embodiment. The grooves 50b ^^o 
connect the interior of the oil separator 50 to the exterior. 
Further, the oil chamber 40 has an annular space 51 at 
the rear end of the oil chamber 40, The annular space 
51 is located radially outward from the remaining space 
of the oil chamber 40. The annular space 51 receives ^5 
the flange 50a and a portion of each groove 50b. The 
communication passage 40a connects the annular 
space 51 to the supply passage 37. The diameter of the 
inner side of the oil separator 50 is larger than the max- 
imum diameter of the inner side of the oil separator 39. 
The outer diameter of the flange 50a is larger than that 
of the flange 39a. 

[0049] Thus, the outer periphery of the flange 50a is 
located closer to the supply passage 37 than that of the 
flange 39a. Accordingly, after lubricant oil is discharged 55 
fromtheoil separator 50, the lubricant oil efficiently flows 
from the space around the oil separator 50 (the annular 
space 51 of the oil chamber 40) to the supply passage 



37. Further, since the diameter of the inner side of the 
oil separator 50 is larger than that of the oil separator 

39, the circumferential speed of the oil separator 50 be- 
comes relatively high when the oil separator 50 rotates. 
This further efficiently separates lubricant oil from refrig- 
erant gas in the oil separator 50 and further Increases 
the pressure in the vicinity of the inner side of the oil 
separator 50 and the pressure in the oil chamber 40 (the 
space around the oil separator 50). 

[0050] As shown in Fig. 6, a fixed restrictor 52, or an 
additional restrictor, may be located in the portion of the 
supply passage 37 between the control valve 38 and the 
crank chamber 15. The communication passage 40a 
connects the fixed restrictor 62 to the oil chamber 40. 
The fixed restrictor 52 thus functions as a throat of a so- 
called venturi tube. That is, the flow rate of the refriger- 
ant gas at the fixed restrictor 52 becomes relatively high, 
thus decreasing the pressure of the refrigerant gas at 
the fixed restriclor 52. This efficiently introduces lubri- 
cant oil from the oil chamber 40 to the supply passage 
37. 

[0051] An oil separator according to the present in- 
vention does not necessarily have to be cylindrical but 
may be shaped as indicated in Fig. 7. More specifically, 
a rotor 53 Is fitted around the rear end of the drive shaft 
16. The oil chamber 40 Includes an annular space 54 at 
its rear portion. The annular space 54 is located radially 
outward from the remaining space of the oil chamber 

40. The annular space 54 accommodates the rotor 53. 
The rotor 53 includes a plurality of fins 53a that are lo- 
cated around the axis of the drive shaft 16 at equal an- 
gular intervals. The diameter of the portion of the rotor 
53 around which the fins 53a are formed is larger than 
the diameter of a front portion of the oil chamber 40. 
[0052] Thus, when the rotor 53 rotates together with 
the drive shaft 16, lubricant oil mist is isolated from re- 
frigerant gas due to a centrifugal pump effect. That is, 
the rotor 53 functions as an oil separator. Further, the 
rotation of the rotor 53 increases the pressure in the oil 
chamber 40. This efficiently introduces lubricant oil from 
the oil chamber 40 to the supply passage 37 through the 
communication passage 40a. 

[0053] Fins may be formed around the oil separator 

39. More specifically, as shown in Fig. 8{a), a plurality 
of fins 55 may be formed around the oil separator 39 as 
located around the axis of the oil separator 39 at equal 
angular intervals. When the oil separator 39 rotates, the 
fins 55 further increase the pressure in the oil chamber 

40. Accordingly, lubricant oil further efficiently flows from 
the oil chamber 40 to the supply passage 37 through the 
communication passage 40a. 

[0054] Alternatively, fins may be located in the oil sep- 
arator 39. More specifically, as shown in Fig. 8(b), a plu- 
rality of fins 56 may project from the inner side of the oil 
separator 39 as located around the axis of the oil sepa- 
rator 39 at equal angular intervals. In this case, when 
the oil separator 39 rotates, the fins 56 further efficiently 
rotate refrigerant gas together with the oil separator 39. 
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This further efficiently isolates lubricant oil mist fronn re- 
frigerant gas by centrifugal force in the oil separator 39. 
Further, the rotation of the fins 56 increases the pressure 
in the oil separator 39, thus further reliably preventing 
lubricant oil from returning from the exterior of the oil 
separator 39 to the interior. 

[0055] Further, fins may be located in the communi- 
cation hole 42 of the drive shaft 16. More specifically, as 
shown in Fig. 9, a cylinder 58 may be securely fitted in 
a portion of the communication hole 42 near its outlet 
42b. A plurality of fins 57 project from the inner side of 
the cylinder 58 as located around the axis of the cylinder 
58 at equal angular intervals. Holes extend through the 
cylinder 58 to connect the interior of the cylinder 58 to 
the exterior. Through holes 59 are formed in the drive 
shaft 16. The holes in the cylinder 58 and the through 
holes 59 thus connect the interior of the cylinder 58 to 
the space around the drive shaft 1 6. In this structure, 
after having been isolated from refrigerant gas by cen- 
trifugal force in the cylinder 58. lubricant oil is dis- 
charged to the space around the drive shaft 16 through 
the holes in the cylinder 58 and the through holes 69. 
[0056] As shown in Fig. 10, aplurality of through holes 

60 may be formed In the circumferential wall of the oil 
separator 39, thus connecting the interior of the oil sep- 
arator 39 to the exterior. More specifically, each through 
hole 60 is formed as follows. First, a plurality of arched 
cuts are formed in the circumferential wall of the oil sep- 
arator 39. Each arched cut forms a disk-like cut piece 
61 . Each cut piece 61 is then bent toward the Interior of 
the oil separator 39. The through holes 60 are thus 
fonned in the circumferential wall of the oil separator 39. 
Each cut piece 61 forms a small fin. Since the cut pieces 

61 are bent, refrigerant gas hits the surfaces of the cut 
pieces 61 when the oil separator 39 rotates. 

[0057] When the oil separator 39 rotates, the through 
holes 60 and the cut pieces 61 efficiently generate a re- 
frigerant gas flow in the vicinity of the inner side of the 
oil separator 39. Lubricant oil is thus efficiently isolated 
from refrigerant gas by centrifugal force. Further, the 
pressure In the oil separator 39 efficiently increases, and 
lubricant oil is further reliably prevented from returning 
from the exterior of the oil separator 39 to the interior 
[0058] As described, the oil separator 39 separates 
lubricant oil from refrigerant gas through the rotation of 
the drive shaft 1 6. In addition to the oil separator 39, the 
compressor may employ a second oil separator 71 that 
operates independently from the drive shaft 16. More 
specifically, the structure of Figs. 1 1 (a) and 1 1 (b) may 
be added to the compressor of the illustrated embodi- 
ment. 

[0059] As shown in Fig. 11(a), an accommodating 
chamber 72 is formed in the rear housing member 13. 
A partition 73 is securely fitted in the accommodating 
chamber 72 to form an oil chamber 74. The oil chamber 
74 forms part of a discharge line that connects the dis- 
charge chamber 32 to the external refrigerant circuit. An 
outlet passage 73a is formed in the middle of the parti- 



tion member 73 to connect the oil chamber 74 to the 
external refrigerant circuit. Further, a high-pressure side 
of the supply passage 37 is connected to the oil chamber 
74. 

5 [0080] When flowing from the discharge chamber 32 
to the external refrigerant circuit, refrigerant gas passes 
through the oil chamber 74, The refrigerant gas, as in- 
dicated by the arrows of Fig. 11(b), rotates along (as 
guided by) a cylindrical Inner side 74a of the oil chamber 
10 74. That is, the oil chamber 74 functions as a rotary 
chamber that rotates the refrigerant gas. Lubricant oil is 
thus separated from the refrigerant gas by centrifugal 
force. Afterwards, the refrigerant gas is discharged to 
the external refrigerant circuit through the outlet pas- 
15 sage 73a of the partition member 73. On the other hand, 
the lubricant oil flows from the oil chamber 74 to the 
crank chamber 15 through the supply passage 37, to- 
gether with high-pressure refrigerant gas, which is used 
for controlling the compressor displacemenL 

20 [0061] As described, the second oil separator 71 ro- 
tates refrigerant gas independently from the rotation of 
the drive shaft 1 6 and isolates lubricant oil from the re- 
frigerant gas by centrifugal force. Thus, even when the 
drive shaft 1 6 rotates at a relatively low speed, the sec- 

25 ond oil separator 71 optimally isolates lubricant oil from 
refrigerant gas. That is, the operation of the second oil 
separator 71 compensates a lowered oil separating ef- 
fect of the oil separator 39 of Fig. 1 , when the drive shaft 
1 6 rotates at a relatively low speed. The crank chamber 

30 15 is thus sufficiently lubricated regardless of the rota- 
tional speed of the drive shaft 15. 
[0062] The second oil separator 71 is not restricted to 
the type of Fig. 11 , which operates by centrifugal force. 
That is, the second oil separator 71 may isolate lubricant 

35 oil from refrigerant gas by striking the lubricant oil and 
the refrigerant gas against an object, or may be an in- 
ertia separating type. Alternatively, the second oil sep- 
arator 71 may be shaped like the oil separator 39 of Fig. 
1 and be driven by an Independent drive source. 

40 [0063] In the illustrated embodiment, the oil chamber 
40 accommodates the oil separator 39. However, an ac- 
commodating chamber separate from the oil chamber 
40 may accommodate the oil chamber 39. In this case, 
the oil separator 39 separates lubricant oil from refrig- 

45 erant gas in the accommodating chamber. A communi- 
cation passage then introduces the lubricant oil from the 
accommodating chamber to the oil chamber 40. 
[0064] In the illustrated embodiment, the communica- 
tion passage 40a may be canceled. If this is the case, 

50 an oil return passage independent from the supply pas- 
sage 37 returns lubricant oil from the oil chamber 40 to 
the crank chamber 15. For example, a space between 
adjacent rollers of the radial bearing 1 9 may be enlarged 
to form the oil return passage. Oil thus flows from the oil 

55 chamber 40 to the crank chamber 15 through this en- 
larged space. 

[0065] In the illustrated embodiment, the communica- 
tion hole 42 including the inlet 42a and the outlet 42b 
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may be canceled. If this is the case, the oil chamber 40 
is connected to the crank chamber 1 5 in a different man- 
ner than the illustrated embodiment. For example, a 
space between adjacent rollers of the radial bearing 19 
may be enlarged to form a communication passage that 5 
connects the oil chamber 40 to the crank chamber 15. 
In other words, the enlarged space of the radial bearing 
19 forms part of the bleed passage 45. Alternatively, a 
communication passage may be formed in the cylinder 
block 12 to connect the oil chamber 40 to the crank io 
chamber 15. In this case, the communication passage 
forms part of the bleed passage 45. 
[0066] More specifically, in the aforementioned cas- 
es, refrigerant gas flows from the crank chamber 15 to 
the space around the oil separator 39 in the oil chamber ^5 
40. Since the oil separator 39 rotates in the oil chamber 
40, the refrigerant gas rotates In the space. Lubricant oil 
is thus Isolated from the refrigerant gas. Afterwards, the 
refrigerant gas flows to the passage 41 through the 
clearance between the oil separator 39 and the valve 
plate body 14 and through the grooves 39b. 
[0067] Alternatively, the passage 41 may extend 
through the valve plate assembly 1 4 at a position radially 
outward from the outer circumference of the flange 39a. 
In this case, after lubricant oil is isolated from refrigerant 25 
gas in the space around the oil separator 39 in the oil 
chamber 40, the refrigerant gas flows to the suction 
chamber 31 without passing through the Interior of the 
oil separator 39. 

[0068] The rear end of the drive shaft 16 may be 30 
formed as, for example, a cylinder like the oil separator 
39. In this case, the rear end of the drive shaft 16 tunc- 
tions as the oil separator 39. 

[0069] The distal (rear) end of the oil separator 39 
does not necessarily have to be located close to the 35 
communication passage 40a. 

[0070] A communication passage connects the dis- 
charge chamber 32 to the oil chamber 40. In this case, 
high-pressure refrigerant gas flows from the discharge 
chamber 32 to the oil chamber 40. The pressure in the "to 
oil chamber 40 becomes thus higher than the pressure 
in the crank chamber 15. 

[0071] In the illustrated embodiment, the oil separator 
39 Is formed from a steel plate through pressing. How- 
ever, the oil separator 39 may be formed through cutting ^5 
(for example, as a cylinder with a thickened wall). 
[0072] in the illustrated embodiment, the control valve 
38 is located in the supply passage 37 to control the 
amount of the refrigerant gas that flows from the dis- 
charge chamber 32 to the crank chamber 1 5. However, 
the control valve 38 maybe located in the bleed passage 
46 to control the amount of the refrigerant gas that flows 
from the crank chamber 15 to the suction chamber 31. 
If this is the case, a fixed restrictor is located between a 
portion of the supply passage 37 connected to the com- ss 
munication passage 40a and the discharge chamber 32. 
[0073] The entire oil separator 39, including the por- 
tion fitted around the drive shaft 16. may be shaped as 
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a straight pipe. That is, the inner diameter of the oil sep- 
arator 39 is uniform from the proximal end to the distal 
end. 

[0074] The oil separator 39 does not necessarily have 
to include the grooves 39b. More specifically, since the 
distal end of the oil separator 39 does not constantly 
contact the valve plate assembly 14, lubricant oil still 
flows from the interior of the oil separator 39 to the ex- 
terior even if the oil separator 39 does not have any 
groove 39b. 

[0075] The oil separator39 does not necessarily have 
to include the flange 39a. 

[0076] The oil separators 39, 50 may be shaped as a 

rectangular parallelepiped. 

[0077] The fins that rotate in the oil chamber 40 may 
be directly secured to the drive shaft 1 6. In other words, 
a rotary member may be located separately from the oil 
separators 39, 50. 

[0078] The movement of the drive shaft 1 6 may be 
restricted by a component other than the oil separator 
39. For example, an urging spring may urge the drive 
shaft 1 6 axially forward. 

[0079] The rearward movement of the drive shaft 1 6 
may be restricted by abutment between the oil separator 
39 and a portion other than the valve plate assembly 1 4. 
That is, the rearward movement restrictor may be locat- 
ed in the oil chamber 40 at a position between the oil 
separator 39 and the valve plate assembly 1 4. Alterna- 
tively, a portion of the cylinder block 12 may project into 
the oil chamber 40 such that the oil separator 39 directly 
abuts against the projection. 

[0080] The oil separator 39 may abut against the main 
plate 14a, instead of the suction valve plate 14b, to re- 
strict the reanward movement of the drive shaft 16. 
[0081 ] An anti-abrasion coating may be applied on the 
surface of the oil separator 39 and the surface of the 
suction valve plate 14b. This suppresses abrasive wear 
of the oil separator 39 and the suction valve plate 14b. 
[0082] The present invention may be applied to a 
wobble type variable displacement compressor. 
[0083] Although the present invention is applied to the 
reciprocating piston type compressor in the illustrated 
embodiment, the invention may be applied to a rotary 
type variable displacement compressor such as a scroll 
type, as described In Japanese Unexamined Patent 
Publication No. 11-324930. 

[0084] The present examples and embodiments are 
to be considered as illustrative and not restrictive and 
the invention is not to be limited to the details given here- 
in, but may be modified within the scope and equiva- 
lence of the appended claims. 

[0085] A variable displacement compressor includes 
a supply passage for supplying refrigerant gas from a 
discharge chamber to a crank chamber and a bleed pas- 
sage for bleeding the refrigerant gas from the crank 
chamber to a suction chamber. An oil separator is con- 
nected to a drive shaft and is located in the bleed pas- 
sage. The oil separator rotates together with the drive 
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shaft to centrifugally separate lubricant oil from the re- 
frigerant gas that flows in the bleed passage. An oil 
chamber is fomned in a compressor housing for receiv- 
ing the separated oil. The pressure in the oil chamber is 
equal to or greater than the pressure in the crank cham- 
ber. The lubricant oil rapidly returns to the crank cham- 
ber through a return passage. 



Claims 

1 . A variable displacement compressor for compress- 
ing refrigerant gas that contains lubricant, wherein 
the compressor compresses the refrigerant gas 
supplied from a suction chamber to a compression 
chamber and sends the compressed refrigerant gas 
to a discharge chamber when a drive shaft rotates, 
wherein the displacement of the compressor varies 
in accordance with the pressure in a control cham- 
ber located in a compressor housing, and wherein 
the compressor has a supply passage for supplying 
the refrigerant gas from the discharge chamber to 
the control chamber and a bleed passage for bleed- 
ing the refrigerant gas from the control chamber to 
the suction chamber, the compressor being 
characterized by: 

a separator, which is located in the bleed pas- 
sage, wherein the separator rotates together 
with the drive shaft to centrifugally separate the 
lubricant from the refrigerant gas that flows in 
the bleed passage; 

a lubricant chamber, which is formed in the 
housing, wherein the lubricant chamber re- 
ceives the separated lubricant, and the pres- 
sure in the lubricant chamber is equal to or 
greater than the pressure in the control cham- 
ber; and 

a return passage, which is formed in the hous- 
ing, wherein the return passage returns the lu- 
bricant from the lubricant chamber to the con- 
trol chamber. 

2. The compressor according to claim 1, character- 
ized in that a re stridor is located in the supply pas- 
sage, wherein a communication passage is formed 
in the housing and connects the lubricanl chamber 
to a section of the supply passage downstream of 
the restrictor, and wherein the communication pas- 
sage and a section of the supply passage down- 
stream of the communication passage function as 
the return passage. 

3. The compressor according to claim 2, character- 
ized in that a control valve is located in the supply 
passage and functions as the restrictor, and where- 
in the control valve adjusts the opening size of the 
supply passage to control the pressure in the con- 
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trol chamber 

4. The compressor according to claim 2 or 3, charac- 
terized in that the restrictor is a first restrictor, 

5 wherein a second restrictor is located In a section 
of the supply passage downstream of the first re- 
strictor, and wherein the communication passage 
connects the lubricant chamber to the second re- 
strictor. 

10 

5. The compressor according to any one of claims 1 
to 4, characterized In that a rotary member Is lo- 
cated in the lubricant chamber, wherein the rotary 

member rotates together with the drive shaft to in- 
?5 crease the pressure in the lubricant chamber. 

6. The compressor according to claim 5. character- 
ized in that the separator functions as the rotary 
member. 

20 

7. The compressor according to claim 6, character- 
ized in that the separator Includes a fin that pro- 
motes the increase of the pressure In the lubricant 
chamber. 

25 

8. The compressor according to any one of claims 1 
to 6, characterized in that the separator has a cy- 
lindrical shape and includes an internal passage 
that forms part of the bleed passage, wherein the 

30 refrigerant gas passes through the Internal passage 
when flowing in the bleed passage. 

9. The compressor according to claim 8, character- 
ized in that a section of the bleed passage is 

35 formed in the drive shaft, wherein the refrigerant 
gas flows from the control chamber to the internal 
passage of the separator through the section of the . 
bleed passage In the drive shaft. 

40 10. The compressor according to claim 9. character- 
ized in that the separator includes a first end con- 
nected to one end of the drive shaft and a second 
end opposite to the first end, wherein the second 
end abuts against the housing to stop the drive shaft 

45 from moving further axially, and wherein a commu- 
nication port is formed at the second end for con- 
necting the Inlernal passage to the exterior of the 
separator when the second end abuts against the 
housing. 

50 

11. The compressor according to claim 10, character- 
ized in that the lubricant chamber is formed around 
the separator, wherein the separator separates the 
lubricant from the refrigerant gas that passes 
55 through the internal passage and sends the sepa- 
rated lubricant to the lubricant chamber through the 
communication port. 
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12. The compressor according to any one of claims 8 
to 11, characterized In that a radial dimension of 
the internal passage gradually increases from an 
upstream end toward a downstream end with re- 
spect to the bleed passage. 

13. The compressor according to any one of claims 8 
to 12, characterized in that the separator includes 
a fin located in the Internal passage. 

14. The compressor according to any one of claims 8 
to 12, characterized in that the separator is locat- 
ed in the lubricant chamber, and a fin projects from 
an outer side of the separator. 



10 



15 



15. The compressor according to any one of claims 1 
to 9, characterized in that the separator is con- 
nected to the drive shaft to rotate integrally with the 
drive shaft, and wherein the separator abuts against 

the housing to stop the drive shaft from moving fur- 20 
ther axially. 

16. The compressor according to any one of claims 1 
to 15, characterized in that a crank mechanism is 
located in the control chamber and enables the ro- ^5 
tatlon of the drive shaft to compress the refrigerant 
gas in the compression chamber. 

17. The compressor according to any one of claims 1 

to 16. characterized in that the separator is a first 30 
separator, and the compressor further Includes a 
second separator that separates the lubricant from 
the refrigerant gas independently from the rotation 
of the drive shaft. 

35 

18. The compressor according to claim 17 character- 
ized by a discharge line connected to the discharge 
chamber for discharging the refrigerant gas from 
the discharge chamber, and the second separator 

is located In the discharge line. 40 

19. The compressor according to claim 18, character- 
ized In that the supply passage is connected to the 
discharge chamber through the second separator, 
wherein, after the second separator separates the 
lubricant from the refrigerant gas, the lubricant flows 
to the control chamber through the supply passage. 

20. The compressor according to any one of claims 17 

to 19, characterized in that the second separator so 
includes a rotary chamber that rotates the refriger- 
ant gas to centrifugal ly separate the lubricant from 
the refrigerant gas. 
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